A. Laugier. Thermodynamics and phase diagram calculations in II-VI and IV-VI ternary systems using an associated solution model. Revue de Physique Appliquee, 1973, 8 (3) Abstract. 2014 The thermodynamic properties and the T-x phase diagrams for liquid-solid equilibrium in II-VI and IV-VI ternary systems are described by a regular associated liquid solution model derived from that used by Jordan for ZnTe and CdTe and by the regular approximation for the solid solution. For the pseudo-binary systems exhibiting miscibility in both phases and monotonic variation of the liquidus and solidus curves, a general expression is obtained. It is independent of the interactions in the liquid, and is the same as for ideal non associated liquids. In the calculation of the ternary T-x phase diagrams five parameters are needed : the two interaction parameters 03B11, 03B12, the two coefficients of dissociation, 03B21, 03B22, obtained from the respective binary liquidus, and the interaction parameter W in the solid, derived from the pseudo-binary phase diagrams. Good agreement with experimental data is obtained for the pseudo-binary systems : ZnTe-CdTe, ZnTe-HgTe, ZnSe-ZnTe, CdTe-HgTe, CdTe-CdSe, HgTe-HgSe, PbSe-PbTe, PbTe-SnTe, and for the ternary systems : Zn-Cd-Te and Pb-Sn-Te. The theory is especially suited for the case 03B2 ~ 0 and 03B1 is small. It is applied to the calculation of the chalcogen-rich part of the ternary systems : Cd-Hg-Te and Cd-Se-Te.
for a pseudo-regular solution model with an interaction parameter varying linearly with temperature have given good results in some cases [3] , [4] . The more general quasi-chemical equilibrium model with temperature-independent interchange energy leads to a satisfactory representation of the binary and ternary phase diagrams for some metallic systems [5] and for combinations of elements from group III, IV and V [6] , [7] , [8] . These approaches generally failed to account for the thermodynamic properties of II-VI and IV-VI systems. In these sys- tems, the larger differences in electronegativity produce more ionic and stronger interactions between unlike atoms, as evidenced by :
The marked temperature peak of the liquidus near the melting points of binary solutions and near the pseudo-binary composition line in ternary systems : figures 1, 2 and reference [9] . - The occurrence of liquid immiscibility [9] , [10] reported in a number of binary liquid solutions containing atoms from groups II, IV or VI, as expected by Jordan [11] ] for ZnTe and as discussed in the classical paper of Hume-Rothery and Anderson [12] . (Table I) . Then, the second member of eq. (16) vanishes and the solution of this system is :
Using (19) , in eq. (18) and rewriting (11) , assuming the solid solution to be regular (i. e. I1Gxs = Wy(1-y)), we obtain the system for the ternary liquidus and solidus surfaces : [18] - [20] . We use the more recent work of'Steininger, Strauss and Brebrick [15] because it is supposed to be the most reliable and because it includes the study of the complete ternary system. The previously indicated works are in agreement for the metal-rich part of the liquidus of ZnTe and CdTe. We take the values of a and 03B2 determined by Jordan [11] . The experimental phase diagrams of Reisman, Berkenblit and Witzen [21] ] and Burmeister and Stevenson [22] are used for the system cadmiumselenium. The Te side of the liquidus of HgTe is taken from a compilation of data by Hansen [9] , and from references [23] and [24] . For PbTe and PbSe we use the data of Miller and Komarek [25] . These authors have found the chalcogen-rich side of the liquidus of Pb-Te and Pb-Se in agreement with Hansen [9] . This agreement is confirmed by recent measurements [26] [27] .
ii) 03B2 iii) The values of a are temperature-independent and not excessively high. The interactions can be very strong (in the metal-rich part generally, and for the sulfides and selenides) so that the regular approximation can fail to take them into account without excessive complication.
As seen on figure 1 ZnTe-HgTe (Fig. 4.) [17] ), 6 liquidus data (cooling curve arrest) of Fischer and Fonger (ref. [30] ).
CdTe-HgTe (Fig. 6 ). -Significant discrepancies have been observed in the data reported for this system [31] - [34] . Schmit [33] and the solidus calculated by Stei- ninger (see Fig. 16 of ref. [17] ) respectively. This fact confirms the argument that the reported segregation coefficient values do not correspond to equilibrium initial freezing.
PbSe-PbTe (Fig. 8 ). - The data of Grimes [36] and Steininger [17] , which are the more recent and probably the most reliable are used for comparison with our calculated liquidus ( W = 1.5 kcal/mole). The agreement is excellent with both experimental liquidus curves. Our corresponding calculated solidus 'agrees well with the data of Steininger and is above the solidus previously reported [36] . This PbTe-SnTe (Fig. 9 ). -Excellent agreement is observed between the calculated and experimental liquidus and also between the calculated solidus and the data obtained from segregation coefhcient [37] - [39] , supporting the suggestion that the slightly lower data obtained by the X-ray method [40] are probably due to changes in the composition of the solid phase during quenching. For this system Reti, Jena and Bever [41] [38] ), 0 (Hiscoks and West, ref. [39] ).
In conclusion we have calculated both solidus and liquidus lines of 9 pseudo-binary systems using one parameter W to describe the regular solid solution, and we obtain excellent agreement with experimental data (Fig. 3 to 9 ). This agreement can be understood because the eq. (22) figure 10 for the Te-rich region. (8) figure 11 is the estimated two-liquid region. However no experimental evidence of liquid immiscibility in the Zn-Te system has been found despite thorough re-investigations [15] .
The figures 1 and 12 show the calculated Pb-Sn-Te system. The experimental data (+) [27] agree with the theoretical isopleths A and B (Fig. 1) [11 ] for a binary system AC in the RAS model, the activity coefhcients of species A and C in the liquid are [11 ] :
The expression of 03B3LAC is obtained by integration of the Gibbs-Duhem équation :
where B(T) is only temperature dependent. This expression is more general that the eq. (17) . Then one can obtain [43] : where with d1 = 03B2 for x1 = X3 = 0.5.
The use of (23) and (24) [44] for the liquidus and Woolley and Smith [45] for the solidus. For GaSb-InSb the value W=1.7 kcal/ mole gives an excellent fit with the data of Lichter and Sommelet [46] and of Woolley and Lees [47] .
These systems were selected because the recent thermodynamic analysis of Foster and Woods [48] shows that the departure from ideality in the liquid is very small. In contrast, for InP-GaP where a non-ideal behaviour is expected [48] we obtain a good fit only with the solidus data of Foster and Scardfield [49] , using W = 3.2 kcal/mole. The calculated liquidus is at 20° below the extrapolated data of Panish [50] . Our values of W are slightly lower than the value used in the quasi-chemical equilibrium treatment for Ga-In-As (2.8 kcal/mole) (7) and Ga-In-P (4.0 kcal/mole) (8). figure 13 . In order to also apply the theory to a system where two chalcogens are involved we have computed the chalcogen rich part of Cd-Se-Te, shown in figure 14 . For this system the change of crystalline structure is given in reference [35] 
